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(57) A honeycomb structural body for exhaust gas 
purification, characterized in that the cell partition walls 
(ribs) satisfy a relation shown by the following expres- 
sion (1), with respect to the material properties and the 
structure of cell: 



o7E i= 0.0161.a.(GSA)/{H D .(p c .C.A. c ) a5 } (1) 

{in the expression (1), a is a material strength; E is a 
material Young's modulus; a is a thermal expansion co- 
efficient of honeycomb in a direction perpendicular to a 
direction of gas flow, with a proviso of oc^1 ; GSA is a 
geographical surface area per volume of honeycomb 
structure; H D is a hydraulic diameter of the cell of hon- 
eycomb structure; p c is a bulk density of honeycomb 
structure; C is a material specific heat; and X c is a ther- 
mal conductivity of the cell of honeycomb structure 
which is X • b/p (X is a material thermal conductivity, b is 
a rib thickness, and p is a cell)). 

By using such a constitution, there can be provided 
a honeycomb structural body for exhaust gas purifica- 
tion and a honeycomb catalyst body for exhaust gas pu- 
rification, both of which have a sufficient thermal shock 
resistance as a structural body and can be used over a 
long period of time even when made of a material having 



a large thermal expansion coefficient and small thermal 
shock resistance. 
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Description 

Technical Field 

5 [0001] The present invention relates to a honeycomb structural body for exhaust gas purification and a honeycomb 
catalyst body for exhaust gas purification. More particularly, the present invention relates to a honeycomb structural 
body for exhaust gas purification and a honeycomb catalyst body for exhaust gas purification, both of which have a 
sufficient thermal shock resistance as a honeycomb structural body even when made of a material having a larger 
thermal expansion coefficient (a^1, wherein a [1/K] is a thermal expansion coefficient of honeycomb in a direction 

10 perpendicular to the flow direction of gas) and having a lower thermal shock resistance compared with cordierite widely 
used for purification of automobile exhaust gas, and both of which can be used over a long period of time. 

Background Art 

15 [0002] In recent years, the regulation for exhaust gas has become stricter and lean burn engines, direct injection 
engines, etc. have come to be used widely. In this connection, NO x occlusion catalysts capable of effectively purifying 
the NO x present in exhaust gas have been put into practical use. As the NO x occlusion components used in these NO x 
occlusion catalysts, there are known alkali metals such as K, Na, Li, Cs and the like; alkaline earth metals such as Ba, 
Ca and the like; rare earth elements such as La, Y and the like; and so forth. Recently, attention is being paid particularly 

20 to K because it is superior in NO x occlusion ability at a high temperature range. 

[0003] These NO x occlusion catalysts are ordinarily constituted by loading a catalyst layer containing the above- 
mentioned NO x occlusion component(s), on a carrier made of an oxide type ceramic material (e.g. cordierite) or on a 
metal material (e.g. Fe-Cr-AI alloy). With respect to this carrier, there is a problem that it is easily corroded and dete- 
riorated by alkali metals and some alkaline earth metals, which have been activated under an exhaust gas of high 

25 temperatures, particularly by K, Na, Li and Ca. In particular, in the case of a cordierite carrier constituted by an oxide 
type ceramic material, the problem becomes so serious that cracks are formed as a consequence of reaction with the 
above-mentioned alkali metals, etc. 

[0004] As a measure for suppressing such deterioration of carrier, there is disclosed a technique of allowing the 
porous oxide particles constituting a catalyst layer, to contain silicon which reacts with alkali metals easily, allowing the 

30 alkali metal present in the catalyst layer in the vicinity of the interface between catalyst layer and carrier, to react with 
the silicon before the alkali metal moves into the carrier, and thereby preventing the movement of the alkali metal into 
the carrier (J P-A-2000-27981 0). In this literature, there is also disclosed a technique of farming a zirconia layer between 
the carrier and the catalyst layer and preventing, owing to the presence of this zirconia layer, the movement of the 
alkali metal present in the catalyst layer, into the carrier. There is also disclosed a technique of using alumina or zirconia 

35 as a carrier for NO x occlusion catalyst (JP-A-10-165817). 

[0005] In the case of allowing the porous oxide particles to contain silicon, in the above-mentioned technique dis- 
closed in JP-A-2000-279810, the movement of alkali metal into carrier can be prevented; however, there has been a 
problem that the NOx occlusion ability of alkali metal is lost by the reaction of alkali metal with silicon. Also, in the case 
of forming a zirconia layer (a corrosion-resistant material) between the carrier and the catalyst layer, there has been 

40 a problem that it is extremely difficult to form a dense zirconia layer on a porous carrier without generation of cracks, 
pinholes, exposed portion, etc. In the above-mentioned JP-A-10-165817, the corrosion of carrier by alkali metal is 
preventable; however, since the carrier has a large thermal expansion coefficient, the technique has been unable to 
be put to practical use from the standpoint of thermal shock resistance. 

[0006] Meanwhile, also in SCR catalysts for diesel exhaust gas (for example, a solid type using a carrier made of a 
45 catalyst-containing material), there is a problem of insufficient thermal shock resistance because they are molded into 
a honeycomb shape using a carrier made mainly of a material of large thermal expansion coefficient, such as Ti0 2 , 
zeolite, Al 2 0 3 or compound oxide thereof. A solution therefor has been sought. 

Disclosure of the Invention 

50 

[0007] The present invention has been made in view of the above-mentioned problems, and aims at providing a 
honeycomb structural body for exhaust gas purification and a honeycomb catalyst body for exhaust gas purification, 
both of wh ich have a sufficient thermal shock resistance as a honeycomb structural body even when made of a material 
having a larger thermal expansion coefficient (a^1) and smaller thermal shock resistance compared with cordierite 
55 widely used for purification of automobile exhaust gas, and both of which are superior in resistances to alkali metals 
and alkaline earth metals, and can be used over a long period of time even in the presence of such metals, 
[0008] The present inventors made an intensive study in order to achieve the above aim. As a result, it was found 
that by allowing the cell partition walls constituting a structural body (a carrier) or a catalyst body, to satisfy a relation 



2 



3NSDOCID:<EP 1419816A1 t > 



BNS oaae 2 



EP1 419 816 A1 

shown by a particular formula with respect to the material properties cell partition wall and the cell structure, there can 
be provided a structural body (a carrier) or a catalyst body, both of which have a superior thermal shock resistance 
even when made of a material having a large thermal expansion coefficient (<x^1 ) and small thermal shock resistance, 
and both of which are superior in resistances to alkali metals and alkaline earth metals, and can be used over a long 
5 period of time even in the presence of such metals. The present invention has been completed based on the above 
finding. Hence, the present invention provides the following honeycomb structural body for exhaust gas purification 
and the following honeycomb catalyst body for exhaust gas purification. 

[0009] According to the present invention, there is provided a honeycomb structural body for exhaust gas purification, 
which comprises; a plurality of cell partition walls (ribs) forming a group of cells adjacent to each other, and a honeycomb 
10 outer wall surrounding and holding the group of cells; wherein an exhaust gas flowing through the cells is purified by 
a catalyst layer to be loaded on the ceil partition walls or by a catalyst to be contained in the cell partition walls; char- 
acterized in that the cell partition walls satisfy a relation shown by the following expression (1), with respect to the 
properties and the cell structure; 



15 



55 



o7E i= 0.0161.a-(GSA)/{H D -(p c .C-X c ) a5 } (1) 



{in the expression (1 ), a [MPa] is a material strength (which means a bending strength of one rib and specifically means 
a material strength as measured by four-point bending according to JIS R 1601 (except for the height of beam), or a 

20 material strength when the test result by another method has been reduced to the present method based on effective 
volume); E [MPa] is a material Young's modulus (one-rib bending); a [1/K] is a thermal expansion coefficient of hon- 
eycomb in a direction perpendicular to the direction of gas flow, with a proviso of a^1 ; GSA [m 2 /m 3 ] is a geographical 
surface area per volume of honeycomb structure; H D [m] is a hydraulic diameter of the cell of honeycomb structure; 
Pc [kg/m 3 ] is a bulk density of honeycomb structure; C [J/kgK] is a material specific heat; and X c [W/mK] is a thermal 

25 conductivity of the cell of honeycomb structure which is X-b/p (X is a material thermal conductivity [W/mK], b is a rib 
thickness [m], and p is a cell pitch (an interval between ribs) [m])}. 

[0010] This honeycomb structural body is sometimes referred to as a honeycomb structural body according to the 
first aspect of the present invention. 

[0011] According to the present invention, there is further provided a honeycomb structural body for exhaust gas 
30 purification, which comprises; a plurality of cell partition wails (ribs) forming a group of cells adjacent to each other, 
and a honeycomb outer wall surrounding and holding the group of ceils, and wherein an exhaust gas flowing through 
the cells is purified by a catalyst layer to be loaded on the cell partition walls or by a catalyst to be contained in the cell 
partition walls, characterized in that the honeycomb structural body is provided with a thermal stress-relieving means 
for relieving a thermal stress applied to the cell partition walls and to the honeycomb outer wall in exhaust gas purifi- 
es cation. This honeycomb structural body is sometimes referred to as a honeycomb structural body according to the 
second aspect of the present invention. 

[0012] Incidentally, as the thermal stress-relieving means, there can be mentioned at least one slit which is formed 
from the surface of the honeycomb outer wall toward the central axis of honeycomb structural body and at least part 
of which opens at the surface of the honeycomb outer wall. 
40 [0013] The thermal stress-relieving means may also be such that the group of cells is divided into two or more first 
honeycomb segments at a plane parallel to the central axis of honeycomb structural body, that the honeycomb seg- 
ments are bonded to each other as necessary by a bonding layer, and that an aspect ratio [(L1)/(P1)] of each first 
honeycomb segment between its length (L1) in exhaust gas flow direction (central axis direction) and its diameter (one 
side) (P1) satisfies a relation shown by the following expression (2): 

45 

2=i[(L1)/(P1)]=l10 (2) 

[0014] The thermal stress-relieving means may also be a form of multiple portions being constituted by dividing the 
50 group of cells into two or more second honeycomb segments at a plane perpendicular to the central axis. In this case, 
the second honeycomb segment satisfies a relation shown by the following expression (3) with respect to an aspect 
ratio [(L2)/(P2)] of the segment between a diameter (one side) (P2) and a length (L2) in exhaust gas flow direction: 



0.5^[(P2)/(L2)]^5 (3) 

[0015] The thermal stress-relieving means may also be at least one notch provided in the cell partition walls forming 
the group of cells, in the flow direction of exhaust gas (the central axis direction). 
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15 



25 



[001 6] The thermal stress-relieving means may also be formed by allowing each cell of the group of cells to have a 
sectional shape of three or more cornered polygon. 

[0017] The thermal stress-relieving means may also be such that the partition wall thickness (T 10 ) of the cells present 
in a portion extending from the central axis up to at least 1 0% of the radius (half of one side) satisfies a relation shown 
by the following expression (4) in relation to the basic cell partition wall thickness (T c ): 



1.2£T 10 /T C 



(4) 



m018l The thermal stress-relieving means may also be such that the group of cells satisfies a following expression 
(5) with respect to an aspect ratio [(L3)/(P3)] of the whole group of cells between a length (L3) in the flow direction of 
exhaust gas (the axial direction) and a diameter (one side) (P3): 

0.5S[(L3)/(P3)]£2 < 5 ) 



[0019] Any ofthe above-mentioned thermal stress-relieving means maybe provided on a honeycomb structural body 
for exhaust gas purification, which comprises a plurality of cell partition walls (ribs) forming a group of cells adjacent 
to each other and a honeycomb outer wall surrounding and holding the group of cells and wherein an exhaust gas 
20 flowing through the cells is purified by a catalyst layer to be loaded on the cell partition walls or by a catalyst to be 
contained in the cell partition walls, wherein the cell partition walls satisfy a relation shown by thefoilowing expression 
(1), with respect to the material properties of rib and the cell structure: 



o/E g 0.0161-a-(GSA)/{H D -(p c -C-X c ) " } ( 1 ) 



{in the expression (1), a [MPa] is a material strength (which means a bending strength of one rib and specifically means 
a material strength as measured by four-point bending according to JIS R 1601 (except for the height of bearn), or a 
material strength when the test result by another method has been reduced to the present method based on effective 
30 volume)- E [MPa] is a material Young's modulus (one-rib bending); a [1/K] is a thermal expansion coefficient of hon- 
evcomb'in a direction perpendicular to the direction of gas flow, with a proviso of as1 ; GSA is a geographical 

surface area per volume of honeycomb structure; H D [m] is a hydraulic diameter of the cell of honeycomb structure; 
p [kq/m3] is a bulk density of honeycomb structure; C [J/kgK] is a material specific heat; and X c [W/mK] is a therm J 
conductivity of the cell of honeycomb structure which is X-b/p (X is a material thermal conductivity [W/mK], b is a nb 

35 thickness [m], and p is a cell pitch (an interval between ribs) [m])). 

r0020] According to the present invention, there is further provided a honeycomb catalyst body for exhaust gas 
purification characterized in that, in the above-mentioned honeycomb structural body for exhaust gas purification, a 
catalyst layer is loaded on the cell partition walls or a catalyst is contained in the cell partition walls. 
m021] The catalyst layer or the catalyst may contain an alkali metal and/or an alkaline earth metal. 

« 0022] The main constituent material of the cell partition walls of the above honeycomb structural body for exhaust 
qas purification may contain at least one kind selected from the group consisting of alumina, zirconia, t.tama, zeolite 
SiC, SiN, mullite, lithium aluminum silicate (LAS), titanium phosphate, perovskite, spinel, chamotte, non-oriented 
cordierite and mixtures or composites thereof. , . _ 

f0023] The catalyst layer or the catalyst may be a selective catalytic reduction (hereinafter may be referred to as 

« SCR) catalyst material having functions of the main catalyst and co-catalyst of SCR reaction or either of the functions 
The SCR catalyst material may contain at least one kind selected from the group consisting of noble metals; V, VI, VI 
and VIII group transition metals; rare earth element oxides such as Ce0 2 , La 2 0 3 and the like; two or more tends of 
compound oxides selected from rare earth element oxides such as Ce0 2 , La 2 0 3 and the like, or compound oxides 
between Zr and at least one kind selected from rare earth element oxides such as Ce0 2 , La 2 0 3 and the like; oxides 

so of alkali metals such as Na, K and the like; and oxides of alkaline earth metals such as Ba, Sr and the like. 

[0024] In the honeycomb catalyst body for exhaust gas purification having a catalyst layer or a catalyst, each con- 
taining the above-mentioned oxide(s), the main constituent material of the cell partition walls may contain at least one 
kind selected from the group consisting of alumina, zirconia, titania, zeolite, SiC, SiN, mullite, lithium aluminum silicate 
(LAS) titanium phosphate, perovskite, spinel, chamotte, non-oriented cordierite and mixtures or composites thereof. 

55 The main constituent material of the cell partition walls of the above honeycomb structural body for exhaust gas puri- 
fication may contain at least one kind selected from the group consisting of Ti0 2 , zeolite, Al 2 0 3 and compound oxides 
of two or more kinds thereof. 
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Brief Description of the Drawings 
[0025] 

5 Figs, 1 (a) and 1 (b) are explanatory drawings schematically showing an example of the honeycomb structural body 

for exhaust gas purification according to the present invention, (a) is a perspective view and (b) is a top view. 
Figs. 2(a) to 2(d) are perspective views schematically showing examples of the honeycomb structural body for 
exhaust gas purification having slits according to the present invention. Fig. 2(a) is an example wherein slits have 
been formed each at the edge portion of one end face in a triangular shape with the depth being changed in 

10 connection with the position in diameter direction; Fig. 2(b) is an example wherein slits have been formed each in 

a rectangular shape with the depth being unchanged; Fig. 2(c) is an example wherein slits have been formed in 
such a manner that each slit opens over the entire length of the surface of honeycomb outer wall along the flow 
direction of exhaust gas and has a triangular shape with the depth of diameter direction being changed; and Fig. 
2(d) is an example wherein slits have been formed in such a manner that each slit opens over the entire length of 

15 the surface of honeycomb outer wall along the flow direction of exhaust gas and has a tetragonal shape with the 

depth being changed in connection with the position in diameter direction. 

Fig. 3(a) and 3(b) are perspective views schematically showing other examples of the honeycomb structural body 
for exhaust gas purification having slits according to the present invention. Fig. 3(a) is an example wherein slits 
have been formed in such a manner that each slit opens over the entire length of the surface of honeycomb outer 
20 wall along the flow direction of exhaust gas and has a triangular shape with the depth being changed in connection 

with the position in diameter direction, and Fig. 3(b) is an example wherein slits have been formed in such a manner 
that each slit opens over the entire length of the surface of honeycomb outer wall along the flow direction of exhaust 
gas and has a tetragonal shape with the depth being unchanged. 

Figs. 4(a) and 4(b) are perspective views schematically showing still other examples of the honeycomb structural 

25 body for exhaust gas purification having slits according to the present invention. Fig. 4(a) is an example wherein 

slits have been formed at one end face of the surface of honeycomb outer wall so as to continuously connect two 
points A and B of the edge portion of the end face to each other and two points C and D of the edge portion to 
each other, and Fig. 4(b) is an example wherein slits have been formed at two end faces of the surface of honey- 
comb outer wall so as to continuously connect, for example, two points A and B of the edge portion of the end face 

30 to each other and two points C and D of the edge portion to each other. 

Figs. 5(a) to 5(d) are perspective views schematically showing other examples of the honeycomb structural body 
for exhaust gas purification having slits according to the present invention, wherein a connecting portion has been 
formed at the intersection of the slits so that the connecting portion is located at the center of the honeycomb 
structural body. Fig. 5(a) is an example wherein the connecting portion has been formed in a cylindrical shape; 

35 Fig. 5(b) is an example wherein the connecting portion has been formed in a spherical shape; Fig. 5(c) is an 

example wherein the connecting portion has been formed in a cylindrical shape with its both ends being semi- 
circular; and Fig. 5(d) is an example wherein the connecting portion has been formed in a circular cone shape. 
Figs. 6(a) to 6(d) are perspective views schematically showing still other examples of the honeycomb structural 
body for exhaust gas purification having slits according to the present invention. Fig. 6(a) is an example wherein 

40 a connecting portion is formed in a cylindrical shape and its lower end opens at the surface of the lower end of 

honeycomb outer wall; Fig. 6(b) is an example wherein a connecting portion is formed in a semi-spherical shape 
and its lower end opens at the surface of the lower end of honeycomb outer wall; Fig. 6(c) is an example wherein 
a connecting portion is formed in a cylindrical shape, its upper end has a semi-spherical shape, and its lower end 
opens at the surface of the lower end of honeycomb outer wall; and Fig. 6(d) is an example wherein a connecting 

45 portion is formed in a cylindrical shape and its one end opens at the surface of the lower end of honeycomb outer 

wall. 

Fig. 7 is a perspective view schematically showing still other example of the honeycomb structural body for exhaust 
gas purification having slits according to the present invention. 

Fig. 8 is a perspective view schematically showing still other example of the honeycomb structural body for exhaust 
50 gas purification having slits according to the present invention. 

Figs. 9(a) to 9(d) are explanatory drawings schematically showing examples of slits arrangement in the honeycomb 

structural body for exhaust gas purification having slits according to the present invention. Fig. 9(a) is a top view; 

Fig. 9(b) is a front view thereof; Fig. 9(c) is a side view thereof; and Fig. 9(d) is a bottom view thereof. 

Figs. 10(a) and 10(b) are explanatory drawings showing methods for slits formation in the honeycomb structural 
55 body for exhaust gas purification having slits according to the present invention, (a) is a case wherein slits have 

been formed parallel to the cell partition walls, and (b) is a case wherein slits have been formed so as to cut the 

cell partition walls obliquely. 

Figs. 11 (a) and 1 1 (b) are explanatory drawings schematically showing a stress-relieving structure at the front end 
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of each slit in the honeycomb structural body for exhaust gas purification having slits according to the present 
invention, (a) is a slit having, at the front end, a stress-relieving portion having a radius of curvature, and (b) is a 
slit having a branched front end. 

Figs. 1 2(a) and 1 2(b) are explanatory drawings schematically showing the form of slit in the honeycomb structural 
5 body for exhaust gas purification having slits according to the present invention, (a) is a slit formed by partially 

cutting the cell partition walls, and (b) is a slit formed by partially removing the cell partition walls. 

Figs . 1 3(a) to 1 3(d) are explanatory drawings schematically showing various forms of the first honeycomb segments 

formed by dividing a honeycomb structural body into two or more parts in its diameter direction. 

Fig. 14 is a perspective view schematically showing an aspect ratio of a form of the first honeycomb segments 
10 formed by dividing a honeycomb structural body into two or more parts in its diameter direction. 

Fig. 15 is a perspective view schematically showing a test piece cut out from the honeycomb structural body for 

exhaust gas purification according to the present invention. 

Fig. 16 is an explanatory drawing schematically showing an example of the four-point bending test. 
Fig. 17 is a perspective view schematically showing an example of the second honeycomb segments formed by 
15 dividing a honeycomb structural body into two or more parts at a plane perpendicular to the central axis of the 

present honeycomb structural body. 

Fig. 1 8 is an explanatory drawing schematically showing an example of the honeycomb structural body for exhaust 
gas purification having at least one notch provided in the flow direction of exhaust gas. 

Fig. 1 9 is an explanatory drawing schematically showing another example of the honeycomb structural body for 
20 exhaust gas purification having at least one notch provided in the flow direction of exhaust gas. 

Fig. 20 is an explanatory drawing schematically showing another example of the honeycomb structural body for 
exhaust gas purification having at least one notch provided in the flow direction of exhaust gas. 
Fig. 21 is an explanatory drawing schematically showing another example of the honeycomb structural body for 
exhaust gas purification having at least one notch provided in the flow direction of exhaust gas. 
25 Fig. 22 is an explanatory drawing schematically showing another example of the honeycomb structural body for 

exhaust gas purification having at least one notch provided in the flow direction of exhaust gas. 
Fig. 23 is an explanatory drawing schematically showing another example of the honeycomb structural body for 
exhaust gas purification having at least one notch provided in the flow direction of exhaust gas. 
Figs. 24(a) to 24(c) are partial sectional views each schematically showing a sectional shape of cell partition walls, 
30 in the honeycomb structural body for exhaust gas purification according to the present invention. Fig. 24(a) is a 

case wherein the sectional shape has been changed in an inverse trapezoidal shape; Fig. 24(b) is a case wherein 
the sectional shape has been changed in a spool-like shape; and Fig. 24(c) is a case wherein the sectional shape 
has been changed in a rectangular shape. 

Fig. 25 is a perspective view schematically showing the aspect ratio [(L3)/(P3)] of a honeycomb structural body 
35 for exhaust gas purification per se according to the present invention, which has been constituted by bonding. 

Fig. 26 is a graph showing the results of inspection of the cracks generated in the structural bodies of the present 
invention satisfying the formula (1), obtained in Examples and the structural bodies not satisfying the formula (1), 
obtained in Comparative Examples. 

40 Best Mode for Carrying Out the Invention 

[0026] As shown in Figs. 1 (a) and 1 (b), the honeycomb structural body 1 0 for exhaust gas purification according to 
the present invention is a honeycomb structural body 10 for exhaust gas purification, which comprises a plurality of 
cell partition walls (ribs) 2 forming a group of cells 1 adjacent to each other and a honeycomb outer wall 3 surrounding 
45 and holding the group of cells 1 and wherein an exhaust gas flowing through the cells 1 is purified by a catalyst layer 
(not shown) to be loaded on the cell partition walls 2 or by a catalyst (not shown) to be contained in the cell partition 
walls 2, characterized in that the cell partition walls 2 and the honeycomb outer wall 3 satisfy a relation shown by the 
expression formula (1), with respect to the material properties and the cell structure: 

50 O k 

o/E £ 0.0161-a-(GSA)/{H D -(p c .C.X c ) u 'l (1) 

{(in the expression (1), a [MPa] is a material strength (which means a bending strength of one rib and specifically 
means a material strength as measured by four-point bending according to JIS R 1 601 (except forthe height of beam), 
55 or a material strength when the test result by another method has been reduced to the present method based on 
effective volume); E [MPa] is a material Young's modulus (one-rib bending); a [1/K] is a thermal expansion coefficient 
of honeycomb in a direction perpendicular to the direction of gas flow; GSA [m 2 /m 3 ] is a geographical surface area per 
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volume of honeycomb structure; H D [m] is a hydraulic diameter of the cell of honeycomb structure; p c [kg/m 3 ] is a bulk 
density of honeycomb structure; C [J/kgK] is a material specific heat; and X c [W/mK] is a thermal conductivity of the 
cell of honeycomb structure which is X>b/p {X is a material thermal conductivity [W/mK], b is a rib thickness [m], and p 
is a cell pitch (an interval between ribs) [m])}. 

5 [0027] Specific explanation is made below on the above expression (1). 

[0028] Inside-honeycomb temperature gradient which causes a thermal stress therein, appears owing to a phenom- 
enon that the amount of heat conduction between gas and honeycomb differs depending upon the position of honey- 
comb during heating and cooling honeycomb by gas. When the inside-solid heat conduction is sufficient, the degree 
of the temperature gradient is alleviated by the inside-solid heat flow from the portion of large heat acceptance to the 

10 portion of small heat acceptance or from the portion of small heat loss to the portion of large heat loss. The degree of 
temperature gradient appearing owing to such transitional and local heat conduction to solid from outside is known to 
be theoretically proportional to the following expression (6): 

15 Bi.F 0 1/2 (6) 

{in the expression (6), Bi (Biot number) and F Q (Fourier number) are shown by the following expressions (7) and (8), 
respectively: 



20 



25 



35 



40 



45 



50 



Bi - (M)/X (7), 



F 0 =(X.t 0 )/(p.ci 2 ) (8) 



[in the expression (7) and the expression (8), h is a heat conduction coefficient (between solid and gas); 1 is a repre- 
sentative length; A. is a heat conductivity (solid); p is a density (solid); c is a heat capacity per unit volume (solid); and 
to is a representative time]. 

[0029] The degree of temperature gradient is proportional to the product of a representative temperature difference 
30 between gas and solid AT and the above expression (6). By substituting the above expressions (7) and (8) for the 
product, the following expression (9) is obtained: 



AT.Bi«F 0 1/2 =AT.h-t 0 1/2 /(p.c-X.) 1/2 (9) 

[0030] With respect to the laminar flow heat conduction within through channels, the following expression (10) holds: 

h = Nu-Xg/H D (10) 

[in the expression (10), h is a heat conduction coefficient (between cell partition wall and incoming gas); Nu (Nusselt 
number) is 3.77; H D is a hydraulic diameter of passage; and X g is a heat conductivity of gas]. 
[0031] By substituting the expression (1 0), the expression (9) is rewritten into the following expression (11 ) 

AT-to 1/2 .Nu.l g /[(p^X) 1/2 .H D ] (11) 

[0032] Here, using a product between the degree of temperature gradient and a heat conduction area GSA-L 3 when 
a representative length L of local heating and cooling region is assumed, inside-solid temperature difference parameter 
was expressed by the following expression (12): 

(inside-solid temperature difference parameter) = CI- 
55 GSM(p-cl) 1/2 -H D ] (12) 

[in the expression (12), CI is AT-t 0 1/2 . Nu-X. q .L 3 ]. 
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[0033] Further, thermal stress parameter was defined by the following expression (13) as a product between inside- 
solid temperature difference parameter, thermal expansion coefficient a and Young's modulus E: 

(inside-solid temperature difference parameter) = 
(inside-solid temperature difference parameter)- a- E (1 3) 

[0034] The thus-introduced thermal stress parameter is functions of material properties and cell structure, and cor- 
10 responds to a thermal stress assumed to generate when the material properties and the cell structure are employed. 
When the strength of actually used material is not smaller than the thermal stress parameter, it is considered that no 
breakage occurs. 

[0035] This relation is expressed by the following expression (14): 

15 

(strength of material)/E g (thermal stress 

parameter)/E (14) 

20 and this is equivalent to the above expression (1). 

[0036] In determining the CI, truly theoretical selection is impossible with respect to the representative time t Q and 
the representative length L. As a result of trial and error based on the comparison with trial production and test result 
thereof, X g = 0.061 w/mK and Nu = 3.77 were assumed and there were selected L = 0.04 m, t c = 5 sec and AT = 500 
K to obtain CI = 1 .61x10' 2 . By employing this CI, it was found that there is a good correlation between whether or not 

25 the expression (14), i.e. the expression (1) is satisfied and whether or not thermal stress breakage occurs, in wide 
ranges of the use conditions, material and structure considered by the present invention. 

[0037] The honeycomb structural body for exhaust gas purification according to the present invention is also a hon- 
eycomb structural body for exhaust gas purification, which comprises a plurality of cell partition walls (ribs) forming a 
group of cells adjacent to each other and a honeycomb outer wall surrounding and holding the group of cells and 
30 wherein an exhaust gas flowing through the cells is purified by a catalyst layer to be loaded on the cell partition walls 
or by a catalyst to be contained in the ceil partition walls, characterized in that the honeycomb structural body is provided 
with a thermal stress-relieving means for relieving a thermal stress applied to the cell partition walls and the honeycomb 
outer wall in exhaust gas purification. 

(Hereinafter, this honeycomb structural body may be referred to as "the second aspect of the present invention".) 
35 [0038] Hereinafter, explanation is made on specific examples of the thermal stress-relieving means used in the sec- 
ond aspect of the present invention. 

[0039] As the first example of the thermal stress-relieving means used in the honeycomb structural body 10 for 
exhaust gas purification which is the second aspect of the present invention, there can be mentioned at least one slit 
4 which is formed from the surface of the honeycomb outer wail 3 toward the central axis (not shown) of honeycomb 
40 structural body and at least part of which opens at the surface of the honeycomb outer wail 3, as shown in Figs. 2(a) 
to 2(d). 

[0040] Separately from the formation in the flow direction of exhaust gas (the central axis direction) as in Figs. 2(a) 
to 2(d), each slit may also be formed in a direction perpendicular to the flow direction of exhaust gas (the central axis 
direction), which is not shown. Further, formation in the above two directions is possible as long as the honeycomb 

45 structural body has reasonable strength. 

[0041] In the honeycomb structural body 1 0 for exhaust gas purification having the above-mentioned thermal stress- 
relieving means, it is preferred that each slit 4 is formed at least at one end face 5 at least at the edge portion 6 thereof. 
[0042] In this case, in a direction parallel to the flow direction of exhaust gas [the central axis direction, that is, an X 
direction in Fig. 2(a)], the length of the opening portion at the surface of the honeycomb outer wall 3 of each slit 4 

so formed at the edge portion 6 of end face, is preferably 10% or more of the total length of the honeycomb structural 
body 10 for exhaust gas purification; and the length of the opening portion at the end face 5 of the slit is preferably 
10% or more of the diameter of the honeycomb structural body 1 0 for exhaust gas purification. 
[0043] When the honeycomb structural body 1 0 for exhaust gas purification is used in such an environment that non- 
uniformity of temperature extends in the whole portion (total length) of the honeycomb structural body 10 for exhaust 

55 gas purification, the slit 4 is preferably formed so as to open over the total length of the surface of the honeycomb outer 
wall 3 in the flow direction of exhaust gas (the central axis direction, i.e. the X direction). 

[0044] In the honeycomb structural body 10 for exhaust gas purification shown in Fig. 2(a), four slits 4 are formed 
at the edge portion 6 of one end face 5 each with the depth being changed in connection with the position in diameter 
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direction so as to have a triangular shape; in the honeycomb structural body 10 for exhaust gas purification shown in 
Fig. 2(b), four siits 4 are formed with the depth being unchanged so as to have a rectangular shape; in the honeycomb 
structural body 10 for exhaust gas purification shown in Fig. 2(c), four siits 4 are formed in such a manner that each 
slit 4 opens over the total length of the surface of honeycomb outer wall 3 along the flow direction of exhaust gas (the 

5 central axis direction, i.e. the X direction), the slits 4 having the depth being changed in connection with the position 
in diameter direction so as to have a triangular shape; and in the honeycomb structural body 1 0 for exhaust gas puri- 
fication shown in Fig. 2(d), four slits 4 are formed in such a manner that each slit 4 opens over the total length of the 
surface of honeycomb outer wail 3 along the flow direction of exhaust gas (the central axis direction, i.e. the X direction) 
with the depth being unchanged so as to have a rectangular shape. 

10 [0045] By forming the slit 4 as shown in Figs. 2(a) to 2(d), each individual portion of the honeycomb structural body 
1 0 for exhaust gas purification can make free deformation without restraint by other portions, even when non-uniform 
temperature distribution such as local higher or lower temperature appears therein; the thermal stress can be reduced; 
and the generation of cracks caused by thermal shock can be minimized. 

[0046] In Fig. 3(a) as in Fig. 2(c), three slits 4 are formed in such a manner that each slit 4 opens over the total length 
15 of the surface of honeycomb outer wall 3 along the flow direction of exhaust gas (the central axis direction, i.e. the X 
direction), the slits 4 having the depth being changed in connection with the position in diameter direction so as to have, 
a triangular shape. In Fig. 3(b) as in Fig. 2(d), three slits 4 are formed in such a manner that each slit 4 opens over the 
total length of the surface of honeycomb outer wall 3 along the flow direction of exhaust gas (the central axis direction, 
i.e. the X direction) with the depth being unchanged so as to have a rectangular shape Such formation of slits is 
2Q particularly effective when the resulting honeycomb structural body is used in such an environment that non-uniformity 
of temperature extends in the whole portion (total length) of the honeycomb structural body. 

[0047] Fig. 4(a) is a case wherein slits 4 have been formed at one end face 5a of the surface of honeycomb outer 
wail 3 so that two points A and B of the edge portion 6a of the end face are continuously connected to each other and 
two points C and D of the edge portion 6a are continuously connected to each other. Fig. 4(b) is a case wherein slits 
25 4 have been formed at two end faces 5b and 5c of the surface of honeycomb outer wall 3 so that, for example, two 
points A and B of the edge portions 6b and 6c are continuously connected to each other and two points C and D of 
the edge portions 6b and 6c are continuously connected to each other. 

[0048] By employing such a constitution, the freedom of deformation in the vicinity of the end face 5 of the honeycomb 
structural body 1 0 for exhaust gas purification increases further. The thermal stress can be reduced. The crack forma- 

30 tions caused by thermal shock can be prevented effectively. In this case, the length of the opening portion at the surface 
of the honeycomb outer wall 3 of each slit 4, in a direction parallel to the flow direction of exhaust gas [the central axis 
direction, that is, an X direction in Fig. 2(a)], is preferably 10% or more of the total length of the honeycomb structural 
body 10 for exhaust gas purification; and the length of the opening portion at the end face 5 of the slit is preferably 
1 0% or more of the diameter of the honeycomb structural body 1 0 for exhaust gas purification. 

35 [0049] As shown in Figs. 5(a) to 5(d), it is possible to form, at the intersection of slits 4, a portion (a connecting 
portion) 7 wherein no slit 4 is formed, so that the connecting portion 7 is located at the center of the honeycomb 
structural body 10 for exhaust gas purification and does not open at any of the surface, upper end face 5d and lower 
end face 5e of the honeycomb outer wall 3. 

[0050] By employing this constitution, generation of cracks, etc. caused by thermal shock can be effectively prevented 
40 even when the honeycomb structural body 1 0 for exhaust gas purification is used in such an environment that extremely 
large non-uniformity of temperature extends in the whole portion (total length) of the honeycomb structural body 10. 
[0051] Fig. 5(a) is a case wherein a sectional shape of the connecting portion 7 at a cross section of a slit-including 
plane, is rectangular; Fig. 5(b) is a case wherein the sectional shape is a circular; Fig. 5(c) is a case wherein the 
sectional shape is race-track- 1 ike; and Fig. 5(d) is a case wherein the sectional shape is rhombic. By employing such 
45 constitution, generation of cracks, etc. caused by thermal shock can be effectively prevented even when non-uniformity 
of temperature is large (for example, higher temperatures or lower temperatures are scattered locally) and this non- 
uniformity is distributed in the whole portion of honeycomb structural body. 

[0052] Meanwhile, Figs. 6(a) to 6(d) are each a case wherein part of the connecting portion 7 opens at the lower 
end face 5f of the surface of the honeycomb outer wall 3. 
so [0053] Fig. 7 and Fig. 8 are each other case wherein the connecting portion 7 is formed so as not to open at the 
surface of the honeycomb outer wall 3. 

[0054] Fig. 7, similarly to Fig. 5(a), is a case wherein the sectional shape of the connecting portion 7 at a cross 
section of a slit-including plane, is a rectangle. In this case, the number of siits 4 is larger than that in Fig. 5(a). 
[0055] Fig. 8 is case wherein the sectional shape of the connecting portion 7 at a cross section of a slit 4-including 
55 plane, is a circle or an oval. 

[0056] In the slits 4, filler is preferred to be filled. As such filler, there can be mentioned, for example, a ceramic fiber, 
a ceramic powder and a cement, ail having heat resistance. These materials can be used singly or in combination of 
two or more kinds. As necessary, it is possible to mix an organic binder, an inorganic binder, etc. 
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[0057] in the honeycomb structurai body according to the second aspect of the present invention, and in such a ceil 
section that the iength of slit in diameter direction is largest at the cross section perpendicular to the flow direction of 
gas (the central axis direction), the length of slit in diameter direction is preferably 1 0% or more, more preferably 30% 
or more of the distance from honeycomb outer wall to central axis (that is radius). 

5 [0058] Also in the honeycomb structural body according to the second aspect of the present invention, slits are 
provided preferably in point symmetry in a honeycomb section perpendicular to the flow direction of exhaust gas (the 
central axis direction, i.e. the X direction) because it hardly gives deflection to the deformation of the whole structure; 
however, provision of slits is not restricted thereto. For example, slits 4 may be provided as shown in Figs. 9(a) to 9(d). 
[0059] Slits 4 may be formed so as to cut cell partition walls 2 obliquely as shown in Fig. 10(b). However, formation 

10 of slits 4 in parallel to cell partition wails 2 as shown in Fig. 1 0(a) is more preferred because the stress concentration 
at the front end of slit 4 is small. 

[0060] When the cells 1 of the honeycomb structural body 1 0 have a triangular shape, slits 4 are formed more pref- 
erably in a 60Q or 120Q direction for the same reason as above. 

[0061] With respect to the width of slit 4, there is no particular restriction. However, too large a width invites increases 
15 in the number of steps for filling of filler and the amount of filler used and a decrease in the number of cells usable for 
purification of fluid (e.g. gas); therefore, the width of slit 4 is preferably smaller than the width of one ceil. 
[0062] Further, it is more preferred to form, at the front end of slit 4, a branched portion 4a obtained by branching 
the slit 4 [see Fig. 1 1 (b)] or a stress-relieving portion 4b having a radius of curvature [see Fig. 1 1 (a)], from the standpoint 
of relief of thermal stress. 

20 [0063] With respect to the form of slit 4, it may be a slit obtained by partially cutting the ceil partition walls 2 of 
honeycomb structural body 10, as shown in Fig. 12(a), or a slit obtained by partially removing the cell partition walls 
2, as shown in Fig. 12(b). 

[0064] As the second example of the thermal stress-relieving means used in the honeycomb structural body 1 0 for 
exhaust gas purification according to the second aspect of the present invention, there can be mentioned such that 

25 the group of cells is divided into two or more first honeycomb segments at a plane parallel to the central axis of the 
group of cells (this division may be conducted by cutting after honeycomb production, or each segment itself may be 
produced in a shape same as that of divided segment), that the first segments are bonded to each other as necessary 
by a bonding layer 1 4, and that an aspect ratio [(L1 )/(P1 )] of each first honeycomb segment 1 3 between its length (L1 ) 
in the flow direction of exhaust gas (the central axis direction) and the diameter (one side) (P1 ) at the end face of the 

30 group of cells [the major diameter (major side) in the case of a sectional shape having deflection] satisfies a relation 
shown by the following expression (2). Here, the aspect ratio [(L1)/(P1)j of first honeycomb segment 13 between the 
length (L1) in the flow direction of exhaust gas (the central axis direction) and the diameter (one side) (P1), shown in 
Fig. 14 is preferred to satisfy a relation shown by the following expression (2): 

35 

2^[(L1)/(P1)]^10 (2) 

[0065] The aspect ratio [(L1)/(P1)] is preferably 10 or less from the standpoint of the strength and thermal shock 
resistance of segment per se. Meanwhile, when the aspect ratio is less than 2, the aspect ratio of the assembly when 

40 segments have been assembled is significantly deflected in the diameter direction; therefore, the aspect ratio of seg- 
ment is preferred to be in the above range. A range of 3 ^ [(L1)/(P1)] £ 6 is more preferred. When there are first 
honeycomb segments of different shapes in the assembled honeycomb structural body, it is most preferred that all the 
segments satisfy the above expression (2); and it is necessary that at least the first honeycomb segments around the 
central axis (where thermal shock is largest) (they contain the central axis or are in contact with the central axis) satisfy 

45 the expression (2). The number of segments assembled is preferably 24 or less and, in view of the strength of the total 
assembly and the cost of production, more preferably 1 6 or less. 

[0066] Hereinafter, more specific explanation is made on bonding of honeycomb segments. 

[0067] As shown in Figs. 13(a) to 13(d), the honeycomb structural body 10 for exhaust gas purification according to 
the second aspect of the present invention is preferably divided into first honeycomb segments 13 in various division 
so patterns. 

[0068] When these honeycomb segments are bonded to each other, the Young's modulus of bonding layer 14 is 
made preferably 20% or less, more preferably 1% or less of the Young's modulus of the first honeycomb segment 13. 
Also, the material strength of bonding layer 14 is made preferably smaller than that of first honeycomb segment 13. 
By thus specifying the Young's moduli of bonding layer 14 and first honeycomb segment 13, it is possible to make 
55 small the thermal stress generated during use, effectively prevent the generation of cracks caused by thermal shock 
and obtain a structural body of superior durability. Further, even when the Young's modulus of bonding layer 1 4 is more 
than 20% of the Young's modulus of the first honeycomb segment 13 and yet when the material strength of bonding 
layer 14 is smaller than the material strength of the first honeycomb segment 13, cracks appear only in the bonding 
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layer 14 and each first honeycomb segment 13 undergoes no damage. 

[0069] Here, the Young's modulus of bonding layer 1 4 and the Young's modulus of the first honeycomb segment 1 3 
mean the Young's moduli of respective materials per se and indicate the properties inherently possessed by the ma- 
terials. 

5 [0070] The meaning of the expression "the material strength of bonding layer is smaller than the material strength 
of the first honeycomb segment" is explained with reference to Fig. 15 and Fig. 16. 

[0071] That is, a test piece 20 such as shown in Fig. 15 is prepared by cutting out from a honeycomb structural body 
for exhaust gas purification according to the present invention. Incidentally, the test piece 20 is cut so that it has a 
diameter direction length of 40 mm or more and a bonding layer 14 is located at the center. 
10 [0072] In the present invention, when the test piece 20 is subjected to a four-point bending test (according to JIS R 
1601) shown in Fig. 16 and the probability of breakage occurring inside bonding layer 14 or at interface between 
bonding layer 14 and the first honeycomb segment 13 is 50% or more, it is expressed as "the material strength of 
bonding layer is smaller than the material strength of the first honeycomb segment". 

[0073] The average surface roughness (Ra) of at least 30% of the surface portion of the first honeycomb segment 
15 13 contacting the bonding layer 14 is preferably more than 0.4 ujti, more preferably 0.8 u,m or more. By employing 
such constitution, the bonding between two or more first honeycomb segments 13 is strong and the peeling therebe- 
tween during use can be prevented effectively. Further, even when no bonding is made between segments, slippage 
between them can be prevented. 

[0074] The proportion of the total heat capacity of all the bonding layers 14 in the honeycomb structural body 1 0 for 
20 exhaust gas purification according to the second aspect of the present invention, to the total heat capacity of all the 
first honeycomb segments 13 constituting the honeycomb structural body 10 for exhaust gas purification is preferably 
30% or less, more preferably 15% or less. 

[0075] By employing such constitution, it is possible to make short the time needed for temperature elevation, in an 

allowable range and activate the catalyst component at an early timing. 
25 [0076] In the cross section of the honeycomb segment 13 parallel to its diameter direction, the sectional corner is 

preferred to be rounded in a radius of curvature of 0.2 mm or more or chamfered by 0.3 mm or more, because it can 

reduce generation of thermal stress during use, can prevent generation of cracks, and can impart durability. 

[0077] In the cross section of the honeycomb structural body for exhaust gas purification parallel to its diameter 

direction, the proportion of (S<JS h ) of the total sectional area (S s ) of the bonding layers 14 in the sectional area (S h ) of 
30 the honeycomb structural body for exhaust gas purification is preferably 1 7% or less, more preferably 8% or less from 

the standpoint of reduction in pressure loss of fluid. 

[0078] Also in the second aspect of the present invention, in the cross section of the honeycomb structural body 1 0 
for exhaust gas purification parallel to its diameter direction, the proportion {SJS^j of the total sectional area (S s ) of 
the bonding layers to the total sectional area (S c ) of the partition walls of the cells group is preferably 50% or less, 

35 more preferably 24% or less from the standpoint of reduction in pressure loss of fluid. 

[0079] Further in the cross section of the honeycomb structural body for exhaust gas purification parallel to its diam- 
eter direction, it is preferred that the proportion of the sectional area of the bonding layers to the sectional area of the 
cells group is large at the central portion and small at the honeycomb outer wall side. By employing such constitution, 
the flow of exhaust gas concentrating in the central portion can be appropriately dispersed toward the vicinity of the 

40 outer wall. Consequently, the temperature difference between the central portion and the honeycomb outer wall side 
can be reduced, and the thermal stress in the honeycomb structural body for exhaust gas purification can be reduced. 
[0080] The shape of the cross section of the honeycomb structural body for exhaust gas purification at a plane 
perpendicular to the flow direction of exhaust gas, i.e. the sectional shape of honeycomb outer wall may be any of a 
circle, an oval, a race track shape, etc. 

45 [0081] Here, as the material of the bonding layer used for bonding between the first honeycomb segments, there 
can be mentioned, for example, a ceramic fiber, a ceramic powder and a cement, all having heat resistance. These 
may be used singly or in combination of two or more kinds. It is possible to mix an organic binder, an inorganic binder, 
etc. as necessary. 

[0082] When the honeycomb segments have a sufficiently high strength, bonding between them can be omitted, for 
50 example, by assembling them as necessary via a ceramic fiber, a ceramic powder, a mat or the like and pressing them 
from around for canning or providing a stopper at least at an exhaust gas outlet side for clamping. 
[0083] As the third example of the thermal stress -relieving means used in the honeycomb structural body 10 for 
exhaust gas purification according to the second aspect of the present invention, there can be mentioned such as 
shown in Fig. 17 wherein a group of cells 1 is divided into two or more second honeycomb segments 15, that is, into 
55 multiple portions [ in Fig. 17, there is shown a case of three portions having lengths L2, L2' and L2" of exhaust gas 
flow direction (central axis direction)] at a plane perpendicular to the central axis of the cells 1 group and wherein an 
aspect ratio [(P2)/(L2)] of each second honeycomb segment 1 5 between its diameter (one side) [major diameter (major 
side) in case of sectional shape having deflection] (P2) and its length (L2) in exhaust gas flow direction (central axis 
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direction) satisfies a relation shown by the following expression (3): 
0.5=g[(P2)/(L2)]=i5 (3) 

5 [0084] Incidentally, the same applies also when the L2 of second honeycomb segment 15 is L2 1 or L2". 

[0085] When at least one of the multiple second honeycomb segments satisfies the above expression (3), the effects 
of the present invention can be obtained. However, it is preferred that at least the second honeycomb segment provided 
most upstream and undergoing the largest thermal shock satisfies the expression (3), and it is most preferred that all 
of the second honeycomb segments satisfy the expression (3). 

10 [0086] The aspect ratio [(P2)/(L2)] is preferably 5 or less from the standpoint of the strength and thermal shock 
resistance of the second honeycomb segments 1 5 per se. However, when the aspect ratio is less than 0.5 and when 
the second honeycomb segments 15 have been assembled, the aspect ratio of the resulting assembly is deflected 
significantly toward the flow direction of exhaust gas, resulting in increased pressure loss. Therefore, the above range 
is preferred and a range of 1 .0 s [(P2)/(L2)] £ 3 is more preferred. As to the number of second honeycomb segments, 

15 5 or less is preferred and 3 or less is more preferred, from the same reason of pressure loss. By employing such 
constitution, a reduction in thermal stress is possible; the divided second honeycomb segments 15 can be provided in 
any of various modes (they can be provided in contact with each other at their end faces, or at a certain distance apart 
from each other, or in respective cans); and bonding between segments may not be made. 

[0087] As the fourth example of the thermal stress- relieving means used in the honeycomb structural body 10 for 
2Q exhaust gas purification according to the second aspect of the present invention, there can be mentioned at least one 
notch 1 6 provided in the cell partition walls 2 forming a group of cells 1 , in the flow direction of exhaust gas (the central 
axis direction of the cells group), as shown in Fig. 18. 

[0088] Examples of provision of the notch 16 are shown in Fig. 18 to Fig. 23. 

[0089] Each notch 1 6 in the honeycomb structural body for exhaust gas purification according to the second aspect 
25 of the present invention is different from the above-mentioned slits open to outside, formed by cutting the honeycomb 
structural body from the honeycomb outer wail 3 toward the honeycomb diameter, and is provided substantially uni- 
formly by cutting out predetermined portions of cells in the flow direction of exhaust gas (the central axis direction of 
honeycomb structural body). 

[0090] Notches 1 6 may be provided separately from each other or continuously over plurality of cells, when a section 
30 of honeycomb structural body is viewed. The notches 1 6 relieve thermal stress. Unlike the above-mentioned slits, the 
notches 16 need not open at the honeycomb outer wall. Preferably, the notches 16 are basically provided so as to 
avoid continuity in one direction. However, when they are provided continuously in one direction, the number of con- 
tinuity is preferably 10 ceils or less. When they are formed in continuity of more than 10 cells in one direction, the 
strength of the whole honeycomb structural body may be significantly low. Also, when they are provided selectively in 
35 one direction, there may be deflection in the direction of release of thermal stress. 

[0091 ] From the standpoint of strength, the number of notches 1 6 is preferably controlled at 40% or less of the number 
of total ceil partition walls (the cell partition wall extending from one intersection to next intersection is counted as one 
cell partition wall). As to the depth of notch 16 in the flow direction of exhaust gas, there is basically no problem as 
long as the notches 1 6 are discontinuous at least at a certain section. However, it is preferred that the notches 1 6 open 
40 at the inlet side of honeycomb structural body in the flow direction of exhaust gas (the central axis direction of honey- 
comb structural body), which is high in thermal shock during actual use. When thermal shock resistance is required in 
the total length of ceils in the flow direction of exhaust gas (the central axis direction), the notches 16 are preferably 
provided in the total length of cells in the flow direction of exhaust gas, as shown in Fig. 20. 

[0092] The width of notch 16 is preferably not smaller than 10 umm and not larger than the width of one cell, inde- 
45 pendently of the thickness of cell partition wall and the cell pitch (distance between ribs). When the width of notch 1 6 
is less than 10 jxmm, the effect of thermal stress relief may be insufficient; when the width is more than the width of 
one cell, the whole honeycomb structural body may be significantly low in strength. 

[0093] The density of notches 16 may be changed in the diameter direction or in the flow direction of exhaust gas. 
Change of the density may be conducted for a single honeycomb structural body or for the above-mentioned division 
50 type. As a preferred example of the change of notch density, there can be mentioned concentrated formation of notches 
1 6 in the central portion of diameter direction or inlet side of exhaust gas flow direction, where thermal shock is large 
during actual use. 

[0094] As the fifth example of the thermal stress-relieving means used in the honeycomb structural body 10 for 
exhaust gas purification according to the second aspect of the present invention, there can be mentioned one formed 
55 by allowing each cell of the group of ceils to have a sectional shape of tree or more cornered polygon. 

[0095] A polygonal sectional shape having a large number of corners is preferred because it can reduce thermal 
stress. Specifically, an at least four cornered sectional shape is preferred, and a hexagonal sectional shape is more 
preferred. Of tetragons, rectangle is preferred to square for the same reason. Also, it is possible to change the cell 
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shape in the diameter direction or in the flow direction of exhaust gas (change in the latter direction is possible only in 
the multiple portions type). Change in the diameter direction may be conducted for a single honeycomb structural body 
or for the above-mentioned division type. Change is preferably conducted, for example, by allowing the cell sectional 
shape to have a polygonal shape concentratedly in the central portion of diameter direction or inlet side of exhaust gas 

5 flow direction, where thermal shock is large during actual use. 

[0096] In the second aspect of the present invention, it is preferred to change the thickness of cell partition wall in 
the diameter direction and/or the flow direction of exhaust gas (change in the latter direction is possible only in the 
multiple portions type), in view of the distribution of level of thermal shock in actual use. Change in the diameter direction 
may be conducted for a single honeycomb structural body or for the above-mentioned division type. Here, the change 

10 of the thickness of cell partition wall is generally conducted by allowing the central portion in the diameter direction or 
the vicinity of inlet in the flow direction of exhaust gas (at these portions, temperature elevation and cooling speeds 
are large) to have a larger thickness, because this is effective in prevention of crack generation caused by thermal 
shock. 

[0097] Specifically, as the sixth example of the thermal stress-relieving means used in the honeycomb structural 
15 body 1 0 for exhaust gas purification according to the second aspect of the present invention, there can be mentioned 
such that the partition wall thickness (T 10 ) of the cells present in a portion extending from the central axis up to at least 
10% of the radius (half of one side) satisfies a relation shown by the following expression (4) in relation to the basic 
cell partition wail thickness (T c ): 

i.2=rr 10 /T c (4) 



[0098] Also, increase of thickness of cell partition wall in the central portion in diameter direction or the vicinity of 
inlet in exhaust gas flow direction (central axis direction) not only reduces the temperature elevation and cooling speeds 
25 of the above portions but also makes small the temperature difference between these portions and the outer peripheral 
portion/the vicinity of outlet, which relieves thermal shock doubly. 

[0099] As shown in Fig. 24, when, in the honeycomb structural body for exhaust gas purification according to the 
second aspect of the present invention, there coexist portions different in the thickness of ceil partition wall 2, in a cross 
section perpendicular to the central axis, it is preferred to change the thickness of ceil partition wall 2 at the boundary 
30 between the portions, as shown in Fig. 24, so that the cell partition wall 2 has an inverse trapezoidal sectional shape 
[Fig. 24(a)], a spool-like sectional shape [Fig. 24(b)] or a rectangular sectional shape [Fig. 24(c)] and the rib thickness 
becomes gradually smaller from the thick-rib portion toward the thin-rib portion. By employing such constitution, im- 
provements in pressure loss and ratio in thermal shock resistance can be achieved. 

[0100] As the seventh example of the thermal stress-relieving means used in the honeycomb structural body 1 0 for 
35 exhaust gas purification according to the second aspect of the present invention, there can be mentioned one shown 
in Fig. 25, wherein an aspect ratio [(L3)/(P3)] between the total length (L3) of the cells group in the flow direction of 
exhaust gas (the axial direction of honeycomb structural body) and its diameter (one side) [major diameter (major side) 
in case of sectional shape having deflection] (P3) satisfies a relation shown by the following expression (5). By em- 
ploying such constitution, improvements in strength and thermal shock resistance can be obtained. In Fig. 25, there 
40 is shown a case wherein a structural body is divided into honeycomb segments 13 and has bonding layers 14. 



0.5^[(L3)/(P3)]^2 (5) 

[0101] The honeycomb structural body for exhaust gas purification according to the second aspect of the present 
invention preferably has a weight of 1 ,500 g or less and a volume of 1 ,500 cm 3 or less. 

[0102] The weight of one honeycomb structural body (in the case of single body, its weight and, in the case of division 
type, the weight of one segment) differs depending upon the material (thermal expansion coefficient and specific gravity) 
and the porosity; however, it is preferably at least 1,500 g or less from the standpoint of thermal shock resistance. 
When the weight is more than 1 ,500 g, there may appear damages such as cracks and the like in actual use even 
under relatively mild thermal shock of ordinary driving mode. The weight is more preferably 1,200 g or less, and a 
weight of 1 ,000 g or less is particularly preferred because it can withstand even a severe thermal shock caused by 
sharp temperature change. 

[0103] The volume of one honeycomb structural body (in the case of single body, its volume and, in the case of 
division type, the weight of one segment) is preferably at least 1 ,500 cm 3 or less from the standpoint of thermal shock 
resistance. When the volume is more than 1 ,500 cm 3 , there may appear damage in actual use even under relatively 
mild thermal shock of ordinary driving mode. The volume is more preferably 1 ,000 cm 3 or less, and a volume of 800 
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cm 3 or less is particularly preferred because it can withstand even a severe thermal shock caused by sharp temperature 
change. 

[0104] In the second aspect of the present invention, a honeycomb structural body for exhaust gas purification having 
a higher effect of thermal stress relief can be obtained by appropriately combining the above-mentioned various means. 

5 [0105] The main constituent material of the cell partition walls of the honeycomb structural bodies according to the 
first aspect of the present invention and the second aspect of the present invention preferably contains, as the main 
component, a material which is superior in alkali resistance when the honeycomb structural body is used as a carrier 
for NO x occlusion catalyst and which further has such a strength and thermal resistance as can be applicable to the 
exhaust gas of automobile. Specifically, the main constituent material preferably contains at least one kind selected 

10 from the group consisting of alumina (of various kinds of alumina, oc-alumina is preferred because it has the highest 
alkali resistance), zirconia, titania, zeolite, SiC, SiN, mullite, lithium aluminum silicate (LAS), titanium phosphate, per- 
ovskite, spinel, chamotte, non-oriented cordierite (this means a cordierite wherein the crystals are not oriented; this 
non-oriented cordierite, because the crystals are not oriented, has a high thermal expansion coefficient as compared 
with oriented cordierite widely used as a carrier for catalyst for automobile exhaust gas) and mixtures or composites 

15 thereof. In particular, alumina, SiC, SiN, mullite, non-oriented cordierite, etc. are suitably used for the alkali resistance; 
among them, oxides are preferred one in view of the cost. While the cell partition walls are preferred to contain these 
materials as the main constituent material, the honeycomb outer wail as well is preferred to be constituted by the same 
material as for the ceil partition wails. 

[0106] The honeycomb structural body of the present invention exhibits its effects effectively when made of a material 

20 showing a thermal expansion coefficient of 1 .0x1 0" 6 /°C or more in a direction perpendicular to the flow direction of 
exhaust gas when used in an automobile exhaust gas (in this case, the material needs to have a high thermal expan- 
sivity). Particularly when the honeycomb structural body is made of a material having a high thermal expansion coef- 
ficient of 3.0x1 0- 6 /°C or more and is mounted right downstream of manifold (where the temperature change of exhaust 
gas is large), the present invention is essential; when the honeycomb structural body is made of a material having a 

25 thermal expansion coefficient of 5.0x1 0' 6 /°C or more, the present invention is necessary even when the honeycomb 
structural body is mounted below the floor of automobile (where the temperature change of exhaust gas is relatively 
small). Meanwhile, the present invention is applicable even to a material of having a small thermal expansion coefficient 
of less than 1 .0x1 0* 6 / o C; however, the obtained improvement in thermal shock resistance is small because of the small 
thermal expansivity (high in thermal shock resistance) of the material. 

30 [0107] With respect to the sectional shape of the honeycomb outer wall of the honeycomb structural bodies according 
to the first and second aspects of the present invention, there is no particular restriction as long as the sectional shape 
fits the internal shape of the exhaust gas system in which the honeycomb structural body is mounted. As the sectional 
shape, there can be mentioned, for example, a circle, an oval, an ellipse, a trapezoid, a triangle, a tetragon, a hexagon 
and a special shape wherein the left and right are unsymmetrical. Of these, a circle, an oval and an ellipse are preferred. 

35 [0108] With respect to the ceil structure of the honeycomb structures according to the first and second aspect of the 
present invention, the ceil density is ordinarily 6 to 1 ,500 cpsi (ceil number per square inch), preferably 300 to 1 ,200 
cpsi, more preferably 400 to 900 cpsi. A cell density of more than 1 ,200 cpsi may result in strikingly high pressure loss 
when such a honeycomb structure is used for automobile exhaust gas. Meanwhile, with a cell density of less than 300 
cpsi, a high GSA is unable to secure in a limited space for mounting of honeycomb structural body, which may result 

40 in shortage in efficiency of contact with exhaust gas. 

[0109] The thickness of partition wall is ordinarily 20 to 2,000 u,m, preferably 2 to 1 0 mil (mil is 1/1 ,000 inch), more 
preferably 2.5 to 8 mil. A partition wall thickness of more than 10 mil may result in striking pressure loss and striking 
reduction in warm-up property when such a honeycomb structural body as to the first or second aspect of the present 
invention is used for automobile exhaust gas. Meanwhile, a partition wall thickness of less than 2 mil may result in 

45 shortage in strength. A partition wall thickness of less than 20 p.m may result in significant shortage in strength and 
consequent reduction in thermal shock resistance. 

[01 10] The present invention may be a combination of the first aspect of the present invention and the second aspect 
of the present invention. That is, the present invention may be a honeycomb structural body obtained by allowing the 
honeycomb structural body according to the first aspect of the present invention to have the above-mentioned thermal 
so stress-relieving means (one of the first to seventh examples). By employing such constitution, there can be exhibited, 
in combination, the effect of the first aspect of the present invention and the effect of the second aspect of the present 
invention (these two aspects may hereinafter be referred simply to as the present invention). 

[0111] The catalyst body for exhaust gas purification according to the present invention is characterized in that, in 
the above-mentioned honeycomb structural body for exhaust gas purification, a catalyst layer is loaded on the cell 
55 partition walls or a catalyst is contained in the cell partition walls. 

[0112] That is, the present catalyst body for exhaust gas purification may be suitably used for, for example, a NOx 
occlusion catalyst body wherein its catalyst layer or the catalyst contains an alkali metal and/or an alkaline earth metal. 
It is used particularly suitably for a NOx occlusion catalyst body containing K, Na, Li and Ca in a total amount of 5 g/L 
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(honeycomb volume). 

[0113] In this case, as the main constituent material of the cell partition walls of the honeycomb structural body for 
exhaust gas purification, there can be mentioned, for example, one containing at least one kind selected from the group 
consisting of alumina, zirconia, titania, zeolite, SiC, SiN, mullite, lithium aluminum silicate (LAS), titanium phosphate, 
5 perovskite, spinel, chamotte, non-oriented cordierite and mixtures or composites thereof. 

[0114] Of these, alumina, SiC, mullite, non-oriented cordierite, mixtures or composites thereof , etc. are used suitably 
for their better alkali resistances. 

[01 1 5] As an application example of the catalyst body for exhaust gas purification according to the present invention, 
there can be mentioned, when the catalyst layer or the catalyst contains an alkali metal and/or an alkaline earth metal, 

10 a catalyst body for exhaust gas purification which contains, on the cell partition wails and/or in the cell partition walls, 
a substance (hereinafter may be referred to as anchor substance) capable of reacting with the alkali metal and/or the 
alkaline earth metal in preference to the reaction of the main constituent material of the cell partition walls with the 
alkali metal and/or the alkaline earth metal, in order to more reliably suppress the reaction between the carrier and the 
alkali metal and/or the alkaline earth metal. 

is [01 1 6] As the anchor substance, there can be mentioned, for example, a substance containing at least one element 
selected from the group consisting of B, At, Si, P, S, CI, Ti, V, Cr, Mn, Ga, Ge, As, Se, Br, Zr, Mo, Sn, Sb, I and W. 
[01 1 7] It is preferred that specifically, a substance which is reactive with an alkali metal and/or an alkaline earth metal 
(each used as a catalyst component) and reacts with them in preference to the reaction of the main constituent material 
of honeycomb structural body with them, is allowed to coexist beforehand. By employing such a measure, the alkali 

20 metal and the alkaline earth metal in catalyst layer react with the anchor substance preferentially even when the catalyst 
body has been exposed to high temperatures during the use, and the reaction with the honeycomb structural body 
(carrier) is suppressed; as a result, the deterioration of the carrier can be suppressed more reliably. 
[0118] For example, by loading the anchor substance on the carrier by impregnation, coating or the like prior to 
loading of a catalyst and then loading the catalyst, the anchor substance may be allowed to be present between the 

25 carrier and the catalyst layer, which can suppress the reaction between the carrier and the alkali metal and/or alkaline 
earth metal in catalyst layer most effectively. 

[0119] As another example of the honeycomb catalyst body for exhaust gas purification according to the present 
invention, there can be mentioned a catalyst body for diesel exhaust gas purification wherein the catalyst layer or the 
catalyst is a SCR catalyst material having functions of the main catalyst and co-catalyst of SCR reaction or a function 

30 of the main catalyst or the co-catalyst. 

[0120] In this case, as the SCR catalyst material, there can be mentioned, for example, one containing at least one 
kind selected from the group consisting of noble metals; V, VI, VII and VIII group transition metals; two or more kinds 
of compound oxides selected from rare earth element oxides such as Ce0 2 , La 2 0 3 and the like, or compound oxides 
between Zr and at least one kind selected from rare earth element oxides such as Ce0 2 , La 2 0 3 and the like; oxides 

35 of alkali metals such as Na, K and the like; and oxides of alkaline earth metals such as Ba, Sr and the like. 

[0121] As the main constituent material of the cell partition wails of the honeycomb structural body for exhaust gas 
purification according to the present invention, there can be mentioned a material containing at least one kind selected 
from the group consisting of alumina, zirconia, titania, zeolite, SiC, SiN, mullite, lithium aluminum silicate (LAS), titanium 
phosphate, perovskite, spinel, chamotte, non-oriented cordierite and mixtures or composites thereof. Of these, oxides 

40 are a preferred material also for the cost. 

[0122] The main constituent material of the cell partition walls of the honeycomb structural body for exhaust gas 
purification according to the present invention is preferred to contain, for example, at least one kind selected form the 
group consisting of Ti0 2 , zeolite, AI 2 O a and compound oxides of two or more kinds thereof. The honeycomb outer wall 
as well is preferred to be made of the same material as for the cell partition walls. When a S0 3 component is present 

45 in the exhaust gas to be purified, Ti0 2 is preferred in order to prevent the conversion of carrier into sulfate; however, 
there is no particular restriction when the concentration of S0 3 is low. for example, 50 ppm or less. As the Ti0 2 , anatase 
type is used ordinarily. Rutile type has a small specific surface area and its contribution to catalytic activity is not 
expectable. 

[0123] As the zeolite, there can be used X type, Y type, ZSM-5 type, ptype, etc. However, it is important to minimize, 
50 as much as possible, the content of the alkali component from the standpoint of heat resistance. From the standpoint 
of heat resistance, it is preferred to control the Si02/AI 2 03 ratio at 25 or more. There can so be suitably used AIPO, 
SAPO, metallosilicate and layer structure compounds. Those carriers obtained by loading thereon the above-mentioned 
catalyst active component by ion exchange can also be used suitably. 

[0124] In the case of solid type, there are preferred, as the Al 2 0 3 , types of large surface area (other than a type) 
55 such as y type, t| type and the like. 

[0125] The specific surface area of the honeycomb structural body (carrier) may be 10 to 500 m 2 /g; however, it is 
preferred to be 1 50 m 2 /g or less in view of the strength and heat resistance of carrier. 

[0126] As the kind of the noble metal, components such as Pt, Pd, Rh and the like can be mentioned. The content 
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of the noble metal is preferably 0.17 to 7.07 g/L (honeycomb volume). As the base metal, V, VI, VII and VIII group 
transition metals can be mentioned. 

[0127] As preferred examples of the catalyst composition used in the honeycomb structural body for exhaust gas 
purification according to the present invention, there can be mentioned noble metal (e.g. Pt)-ioaded Ti0 2 or Al 2 C 3> 

s noble metal (e.g. Pt)-loaded zeolite, metal (e.g. Cu, Fe or Ag)-loaded zeolite, non-noble metal (e.g. CuCr) loaded Ti0 2 
or AI 2 0 3 , and V-W- loaded TiQ 2 . V-W-Ti0 2 type catalysts are superior in SO x resistance but, since they are easily lost 
due to abrasion, and the V (which is toxic) vaporizes easily at high temperatures, it may be difficult to use them in 
diesei vehicles, it is possible to further use, as a co-catalyst, rare earth element oxides such as Ce0 2 or La 2 0 3 and 
the like; compound oxides thereof; and compound oxides with Zr, etc. As another co-catalyst, there may be suitably 

10 used oxides of alkali metals such as Na, K and the like; and oxides of alkaline earth metals such as Ba, Sr and the like. 
[0128] In order for the honeycomb catalyst body for exhaust gas purification according to the present invention to 
be used in SCR containing urea, etc., it is preferred that the cell partition walls load or contain a noble metal or a 
transition metal. The noble metal shows a high activity when the SO x content in diesei fuel is low (for example, 50 ppm 
or less). 

15 [0129] In producing the honeycomb structural body for exhaust gas purification according to the present invention, 
it is possible that a carrier oxide such as Ti0 2 , AI 2 O s , zeolite or the like is molded into a honeycomb carrier and then 
a catalyst active component and a co-catalyst component are loaded on the carrier; alternatively, it is possible that an 
oxide mixture containing a carrier, a catalyst and a co-catalyst is molded into a honeycomb carrier. 
[0130] For diesei exhaust gas purification, there are many cases using urea as a NO x -reducing agent. In such cases, 

20 the present invention may be applied to a honeycomb catalyst which generates NH 3 by hydrolysis of urea or to a NH 3 
slip decomposition catalyst provided downstream of a SCR catalyst. 

[0131] As the cell shape of the honeycomb structure used in SCR catalyst, there can be mentioned, for example, 
one having 50 to 600 ceils per square inch (50 to 600 cpsi). Since the SCR reaction is affected by the geographical 
surface area of honeycomb catalyst, less than 50 cells are unable to give a desired reaction activity; more than 600 
25 cells may invite breakage owing to low thermal shock resistance. In honeycomb structures wherein no special means 
such as in the present invention are taken, 100 to 200 cells are an upper limit in automotive use, from the standpoint 
of thermal shock resistance; however, in the present invention, a honeycomb structural body of 300 cells or more can 
be used for automotive and accordingly a compact catalyst apparatus can be provided. 

[0132] With respect to the thickness of cell partition wall, a wide range of 3 to 50 mil is usable; however, a range of 
30 3 to 1 0 mil is preferred in order to provide a compact reaction apparatus with low pressure loss. 

[0133] The present invention is described more specifically below based on Examples. However, the present inven- 
tion is in no way restricted by these Examples. 

[0134] In the following Examples 1 to 9 according to the first aspect of the present invention and the following Com- 
parative Examples 1 to 15 thereof, there were produced structural bodies 1 to 24 shown in Table 1 , each using, as a 
35 material, titania A, B or C or alumina A, B or C (they were different from each other in material properties). 

Example 1 

[0135] As a raw material for cell partition wall, a kneaded raw material containing an alumina B raw material powder, 
40 water and a binder was used. The raw material was subjected to extrusion molding and the extrudate was fired to 
obtain a honeycomb structural body (structural body 1) which had a tetragonal cell shape, a diameter of 40 mm, a 
length of 40 mm, a ceil partition wall (rib) thickness of 4 mil (0.102 mm), a cell density of 600 cpsi and a cell pitch of 
1.037 mm. The alumina B had the following material properties: honeycomb thermal expansion coefficient (a) in di- 
rection normal to flow direction of exhaust gas = 8.40x1 0" 6 [1/K], material specific heat (C) = 820 [J/kgK], material 
45 density ( p) = 1 ,900 [kg/m 3 ], material thermal conductivity (A.) = 14 [W/mK], and material Young's modulus (one-rib 
bending) (E) = 40x1 0 3 [MPa]. These material properties and cell structure data are summarized in Table 1 . 
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[0136] Using the data shown in Table 1 , each variation of the right side of the above-mentioned expression (1 ) was 
calculated for the structural body 1. As a result, the geographical surface area (GSA) per honeycomb volume was 
3.48x1 0 3 [m 2 /m 3 ]; the honeycomb cell hydraulic diameter (Hp) was 0.000935 [m]; the cell heat capacity (c) was 
290347.6 [J/m 3 K]; and the honeycomb cell thermal conductivity (X c ) was 1 .371 71 4 [W/mK]. The expressions used for 
calculation were shown in the following expressions (15) to (19). 

GSA [rri 2 /m 3 ] = 4x{cell pitch [m] - rib thickness 

[m]}/(0.0254) 2 x cell density [cpsi] (15) 

H D [m] = cell pitch [m] - rib thickness [m] (1 6) 



15 3 3 

P c [kg/m ] = material density [kg/m ] x {1 -(cell pitch 



[m] -rib thickness [m]) 2 /(cell pitch [m]) 2 } (1 7) 



20 

Cell heat capacity [J/m 3 K] = material specific heat 

3 

[J/kgK] x honeycomb structure bulk density [kg/m ] (18) 

25 

Honeycomb cell thermal conductivity [W/mK] = material 
thermal conductivity [W/mK] x rib thickness [m]/celi pitch 
30 [m] (19) 

[0137] Incidentally, as mentioned above, with respect to the representative time to and representative length L for 
determining CI, X g = 0.061 W/mK and Nu = 3.77 were assumed and L = 0.04 m, t Q = 5 sec and AT = 500 K were 
selected. As a result, CI = 1 .61 x 10" 2 was obtained and employed. Using the expression (1), the variables of its right 
35 side were calculated for each of the structural bodies of Examples 1 to 9 and Comparative Examples 1 to 15. The 
results are summarized in Table 2. 
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[0138] Further, the right side of the expression (1 ) was calculated using the values of Table 2. As a result, 8.00x1 0" 4 
was obtained as the right side. Meanwhile, one rib was cut out from the produced structural body 1 and its material 
strength was measured, which was 35 [MPa]. It was divided by the material Young's modulus (one-rib bending) to 
obtain 8.75x1 0~ 4 as the left side. Therefore, it is appreciated that this structural body 1 satisfies the expression (1 ). The 

5 above results are summarized in Table 3. Incidentally, in Table 3, a case when the structural body satisfied the expres- 
sion (1 ), was indicated as O; and a case when the structural body did not satisfy the expression (1 ), was indicated as X. 
[0139] Also, in order to evaluate the heat resistance of the obtained structural body 1 , the following heat cycle test 
using a gas burner was conducted. That is, a sample of 40 mm in diameter and 40 mm in length was cut out from the 
structural body 1 . A cold air and a hot air fed from a gas burner were passed through the sample alternately by switching 

10 them using a three-way valve. In this manner, a cycle consisting of heating [1 0 minutes at 900°C (gas temperature at 
sample inlet side)] and cooling [1 0 minutes at 200°C (gas temperature at sample inlet side)] was repeated 1 00 times 
(100 cycles). Then, generation of cracks in the sample was observed visually. The results are shown in Table 3. Inci- 
dentally, in Table 3, a case when no cracks were seen in the structural body, was indicated as O; and a case when 
cracks were seen, was indicated as X, 

15 

Examples 2 to 9 and Comparative Examples 1 to 15 

[0140] Structural bodies 2 to 24 were produced in the same manner as in Example 1 except that the material of cell 
partition wall and the cell structure were changed to those shown in Table 1 . For the obtained structural bodies 2 to 
20 24, the variables of the right side of the expression (1) were calculated using the data shown in Table 1 . The results 
are shown in Table 2. Further, the calculation results of the right side of the expression (1) using the values of Table 
2, the measured value of material strength, the value of the left side obtained by dividing the measured value of the 
material strength by material Young's modulus (one-rib bending), whether or not the value of the left side satisfies the 
expression (1), and generation of cracks in sample in heat cycle test using burner are summarized in Table 3. 
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[0141] Fig. 26 is a graph indicating that the structural bodies obtained in Examples of the present invention [the 
structural bodies satisfying the expression (1)] show no generation of cracks and the structural bodies obtained in 
Comparative Examples [the structural bodies not satisfying the expression (1 )] show generation of cracks. As indicated 
in Fig. 26, the structural bodies satisfying the expression (1) (Examples 1 to 9) and the structural bodies not satisfying 
5 the expression (1) (Comparative Examples 1 to 15) are divided into two territories by a straight line of the expression 
(1 ) in which equal mark "=" is taken. It is appreciated that these two territories agree respectively with the area showing 
no generation of cracks and the area showing generation of cracks. 

[0142] In the following Examples 10 to 21 according to the second aspect of the present invention and the following 
Comparative Examples 16 to 19 thereof, structural bodies 25 to 40 shown in Table 4 to Table 8 were produced using, 
10 as a material, alumina C, titania A or titania B. 

Example 10 

[0143] A structural body 25 having an outer shape of 100 mm in diameter, 1 00 mm in length and 1 01 .6 \im in partition 
15 wall thickness, and a cell density of 400 cpsi was produced using alumina C, in the same manner as in Example 1 . In 
this structural body were formed slits 4 so as to have a shape shown in Fig. 2(d). incidentally, the shape of each slit 4 
in Fig. 2(d) was such that the length of slit 4 exposed at the upper end face 14 of honeycomb structural body 10 was 
3/1 0 (specifically 30 mm) of the diameter of honeycomb structural body 1 0 and that the length of slit 4 exposed at the 
honeycomb outer wail in central axis direction was 100 mm (the total length of honeycomb outer wail). The structural 
20 body 25 obtained had a volume of 785 cm 3 and a weight of 270 g. The structural body 25 was subjected to a thermal 
shock resistance test in an electric oven. As a result, the breakage temperature was 800°C (no crack generated up to 
750 °C), which is very good. The above results are summarized in Table 4. 

Thermal shock resistance test by electric oven 

25 

[0144] A sample of room temperature was placed in an electric oven kept at 400°C. After 20 minutes, the sample 
was taken out and cooled to room temperature. Then, generation of cracks was examined visually. When there was 
no cracks, the temperature of the electric oven was elevated at intervals of 50°C to repeat the same test. The temper- 
ature at which cracks generated first, was taken as "breakage temperature". 

30 

Examples 11 to 13 

[0145] Structural bodies 26 to 28 were produced in the same manner as in Example 1 0 except that the outer shape, 
ceil density and slit shape of Example 1 0 were changed as shown in Table 4. The results thereof and the results of 
35 thermal shock resistance test are summarized in Table 4. 
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Example 14 

[0146] A structural body 29 having an outer shape of 100 mm in diameter, 100 mm in length and 101.6 u^m in partition 
wail thickness, and a ceii density of 400 cpsi was produced using alumina C } in the same manner as in Example 1 . 

5 This structural body 29 was allowed to have a structure shown in Fig. 13(c), wherein four first segments 13 having a 
square section (one side: 35 mm) and a length of 1 00 mm and eight first segments having a special shape (major side 
of section: 35 mm, length: 100 mm), surrounding the first segments 13 were assembled and bonded by a cement. The 
structural body 29 obtained had a volume of 785 cm 3 and a weight (excluding the cement) of 270 g. The first segments 
13 each had an aspect ratio [(L1)/(P1)] of 100/35 = 2.86. The structural body 29 was subjected to a thermal shock 

10 resistance test in an electric oven. As a result, the breakage temperature was 800°C, which is very good. The above 
results are summarized in Table 5. 

Examples 15 to 16 

is [0147] Structural bodies 30 to 31 were produced in the same manner as in Example 14 except that the material, 
outer shape, cell density and structures of first segments of Example 1 4 were changed as shown in Table 5. The results 
thereof and the results of thermal shock resistance test are summarized in Table 5. 
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Example 17 

[0148] There was produced, using alumina C and in the same manner as in Example 1 , a structural body 32 having 
an outer shape of 100 mm in diameter, 120 mm (including gaps) in length and 101 .6 jim in partition wall thickness, 

5 and a cell density of 400 cpsi, so as to have a shape constituted by dividing into three stages of second honeycomb 
segments. This structural body 32 had such a structure as a second segment 15 having a shape shown in Fig. 1 7 and 
a length of 33.3 mm was cumulated in three stages. The structural body 32 obtained had a volume of 785 cm 3 and a 
weight of 270 g. The second segments 1 5 each had an aspect ratio [(P2)/(L2)] of 1 00/33.3- 3,00. The structural body 
32 was subjected to a thermal shock resistance test in an electric oven. As a result, the breakage temperature was 

w 800°C, which is very good. The above results are summarized in Table 6. 

Examples 18 to 19 

[0149] Structural bodies 33 to 34 were produced in the same manner as in Example 17 except that the material, 
15 outer shape, cell density and structures of second segments of Example 17 were changed as shown in Table 6, The 
results thereof and the results of thermal shock resistance test are summarized in Table 6. 
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Example 20 

[0150] There was produced, using alumina C and in the same manner as in Example 1 , a structural body 35 having 
an outer shape of 1 00 mm in diameter, 1 00 mm in length and 1 01 .6 jxm in partition wall thickness and a cell density of 
5 400 cpsi, which had at least one notch in the cell partition walls in the flow direction of exhaust gas (the central axis 
direction of the structural body). This structural body 35 had a shape shown in Fig. 18 and had at least one notch 16. 
The structural body 35 obtained had a volume of 785 cm 3 and a weight of 270 g. The structural body 35 was subjected 
to a thermal shock resistance test in an electric oven. As a result, the breakage temperature was 750°C, which is very 
good. The above results are summarized in Table 7. 

10 

Example 21 

[0151] A structural body 36 was produced in the same manner as in Example 20 except that the material, outer 
shape and cell density of Example 20 were changed as shown in Table 7. The results thereof and the results of thermal 
15 shock resistance test are summarized in Table 7. 
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Comparative Examples 16 to 19 

[0152] Structural bodies 37 to 40 were produced in the same manner as in Example 1 except that the thermal stress- 
relieving means (the slit formation in Example 10, the division into first segments in Example 14, the formation of 
5 second segments structure in Example 17, or the notch formation in Example 20) was not employed and that there 
were used the material, outer shape, cell density, volume and weight, all shown in Table 8. The results thereof and the 
results of thermal shock resistance test are summarized in Table 8. 
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Industrial Applicability 

[0153] As described above, the present invention can provide a honeycomb structural body for exhaust gas purifi- 
cation and a honeycomb catalyst body for exhaust gas purification, both of which have a sufficient thermal shock 
5 resistance as a honeycomb structural body and which can be used for long term even when made of a material having 
a larger thermal expansion coefficient (a§1) and smaller thermal shock resistance but having better resistance to alkali 
metals and alkaline earth metals compared with cordierite widely used for purification of automobile exhaust gas. 



10 Claims 

1 . A honeycomb structural body for exhaust gas purification, which comprises, 

a plurality of cell partition walls (ribs) forming a group of cells adjacent to each other, and 
a honeycomb outer wall surrounding and holding the group of cells, wherein an exhaust gas flowing through 
15 the cells is purified by a catalyst layer to be loaded on the ceil partition walls or by a catalyst to be contained in the 

cell partition walls, 

characterized in that the cell partition walls satisfy a relation shown by the following expression (1), with 
respect to the material properties and the ceil structure: 

20 o/E & 0.0161 .<x-(GSA)/ {H D .(p c .C.X c f 5 } (1) 

{in the expression (1), a [MPa] is a material strength (one-rib bending); E [MPa] is a material Young's modulus 
(one-rib bending); a [1/K] is a thermal expansion coefficient of honeycomb in a direction perpendicularto a direction 
25 of gas flow, with a proviso of a^1 ; GSA [m 2 /m 3 ] is a geographical surface area per volume of honeycomb structure; 

Hq [m] is a hydraulic diameter of the cell of honeycomb structure; p c [kg/m 3 ] is a bulk density of honeycomb 
structure; C [J/kgK] is a material specific heat: and X c [W/mK] is a thermal conductivity of the ceil of honeycomb 
structure which is X -b/p (X is a material thermal conductivity [W/mK], b is a rib thickness [m], and p is a ceil pitch 
(an interval between ribs) [m])}. 

30 

2. A honeycomb structural body for exhaust gas purification, which comprises, 

a plurality of cell partition walls (ribs) forming a group of cells adjacent to each other, and 
a honeycomb outer wall surrounding and holding the group of cells, wherein an exhaust gas flowing through 
the cells is purified by a catalyst layer to be loaded on the cell partition walls or by a catalyst to be contained in the 
35 cell partition walls, 

characterized in that the honeycomb structural body is provided with a thermal stress-relieving means for 
relieving a thermal stress applied to the cell partition walls and to the honeycomb outer wall in exhaust gas purifi- 
cation. 

40 3, a honeycomb structural body for exhaust gas purification according to Claim 2, wherein the thermal stress-relieving 
means is at least one slit which is formed from the surface of the honeycomb outer wall toward the central axis of 
honeycomb structural body and at least part of which is open at the surface of the honeycomb outer wail. 

4. A honeycomb structural body for exhaust gas purification according to Claim 2 or 3, wherein the thermal stress- 
45 relieving means is that the group of cells is divided into two or more first honeycomb segments at a plane parallel 

to the central axis of honeycomb structural body, the honeycomb segments being bonded to each other as nec- 
essary by a bonding layer, and an aspect ratio [(L1)/(P1)] of the first honeycomb segment between length (L1) in 
exhaust gas flow direction (central axis direction) and diameter (one side) (P1 ) satisfying a relation shown by the 
following expression (2). 



50 



2^[(L1)/(P1)]=S10 (2) 



5. A honeycomb structural body for exhaust gas purification according to any of Claims 2 to 4, wherein the thermal 
55 stress-relieving means is a form of multiple portions being constituted by dividing the group of cells into two or 

more second honeycomb segments at a plane perpendicularto the central axis, the second honeycomb segment 
satisfying a relation shown by the following expression (3) with respect to an aspect ratio [(L2)/(P2)] of the segment 
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between a diameter (one side) (P2) and a length (L2) in exhaust gas flow direction. 



0.5^[(P2)/(L2)]^5 (3) 

5 

6. A honeycomb structural body for exhaust gas purification according to any of Claims 2 to 5, wherein the thermal 
stress-relieving means is at least one notch provided in the cell partition walls forming the group of cells, in the 
flow direction of exhaust gas (the central axis direction). 

10 7. A honeycomb structural body for exhaust gas purification according to any of Claims 2 to 6, wherein the thermal 
stress-relieving means is that a sectional shape of the cells forming the group is a three or more cornered polygon. 

8. A honeycomb structural body for exhaust gas purification according to any of Claims 2 to 7, wherein the thermal 
stress-relieving means is that a relation between a partition wall thickness (T 10 ) of the cells present in a portion 
is extending from the central axis up to at least 10% of the radius (half of one side) and a basic cell partition wall 

thickness (T c ) satisfies a following expression (4). 



1.2^T 10 /T C (4) 



20 



25 



. A honeycomb structural body for exhaust gas purification according to any of Claims 2 to 8, wherein the thermal 
stress-relieving means is that the group of ceils satisfies a following expression (5) with respect to an aspect ratio 
[(L3)/(P3)] of the whole group of cells between a length (L3) in the flow direction of exhaust gas (the axial direction) 
and a diameter (one side) (P3). 

0.5^[(L3)/(P3)]^2 (5) 

10. A honeycomb structural body for exhaust gas purification according to Claim 1 , characterized by being provided 
30 with a thermal stress -relieving means set forth in any of Claims 2 to 9. 

11 . A honeycomb catalyst body for exhaust gas purification, characterized in that, in the honeycomb structural body 
for exhaust gas purification set forth in any of Claims 1 to 10, a catalyst layer is loaded on the cell partition walls 
or a catalyst is contained in the cell partition walls. 

35 

12. A honeycomb catalyst body for exhaust gas purification according to Claim 11, wherein the catalyst layer or the 
catalyst contains an alkali metal and/or an alkaline earth metal. 

13. A honeycomb catalyst body for exhaust gas purification according to Claim 11 or 12, wherein the main constituent 
40 material of the cell partition wails of the honeycomb structural body for exhaust gas purification contains at least 

one kind selected from the group consisting of alumina, zirconia, titania, zeolite, SiC, SIN, mullite, lithium aluminum 
silicate (LAS), titanium phosphate, perovskite, spinel, chamotte, non-oriented cordierite and mixtures or compos- 
ites thereof. 

43 14. A honeycomb catalyst body for exhaust gas purification according to Claim 11 , wherein the catalyst layer or the 
catalyst is a SCR catalyst material having functions of the main catalyst and co-catalyst of SCR reaction or either 
of the functions. 

15. A honeycomb catalyst body for exhaust gas purification according to Claim 1 4, wherein the SCR catalyst material 
50 contains at least one kind selected from the group consisting of noble metals; V, VI, VII and VIII group transition 

metals; rare earth element oxides such as Ce0 2 , La 2 Q 3 and the like; two or more kinds of compound oxides 
selected from rare earth element oxides such as Ce0 2> La 2 Q 3 and the like, or compound oxides between Zr and 
at least one kind selected from rare earth element oxides such as Ce0 2 , La 2 0 3 and the like; oxides of alkali metals 
such as Na, K and the like; and oxides of alkaline earth metals such as Ba, Sr and the like. 



55 



1 6. A honeycomb catalyst body for exhaust gas purification according to Claim 1 4 or 15, wherein the main constituent 
material of the cell partition walls of the honeycomb structural body for exhaust gas purification contains at least 
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one kind selected from the group consisting of alumina, zirconia, titania, zeolite, SiC, SiN, mullite, lithium aluminum 
silicate (LAS), titanium phosphate, perovskite, spinel, chamotte, non-oriented cordierite and mixtures or compos- 
ites thereof. 

5 17. A honeycomb catalyst body for exhaust gas purification according to any of Claims 14 to 16, wherein the main 
constituent material of the cell partition walls of the honeycomb structural body for exhaust gas purification contains 
at least one kind selected from the group consisting of Ti0 2 , zeolite, AI 2 G 3 and compounds oxides of two or more 
kinds thereof. 
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FIG. 2(a) FIG. 2(c) 
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FIG. 3(a) 



FIG. 3(b) 




FIG. 4(a) FIG. 4(b) 
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FIG. 5(a) 



FIG. 5(b) 




FIG. 5(c) FIG. 5(d) 
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FIG. 11(a) FIG. 1Kb) 




BNSDOCID:<EP 1419816A1 I > 



43 



BNS oaae 4; 



EP 1 419 816 A1 



FIG. 13(a) FIG. 13(b) 




FIG. 13(c) FIG. 13(d) 




BNSDOCID: <EP 1419816A1 I > 



EP1 419 816 A1 




1 CELL TO SEVERAL CELLS 



BNSDOCID: <EP 1419816A1 I > 



45 



BNS oaae 41 



EP 1 419 816 A1 



FIG. 16 




FOUR-POINT BENDING TEST 



FIG. 17 
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FIG. 18 




FIG. 19 
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FIG. 21 



2 16 











1 








































sac- 1 



BNSDOCID:<EP 1419816A1 i > 



48 



EP 1 419 816 A1 



FIG. 22 




FIG. 23 
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